By STANLEY P. MUMMERY, M.R.C.S., L.D.S. FEW branches of science have been more neglected by medical men than heredity. Of all the workers on this important subject nearly all have stood outside the ranks of our profession: Lamarck, Darwin, Wallace, Spencer, Romanes, Haeckel, and Weismann-to none of these great names can the medical profession lay claim. Indeed, the loose statements which one so often hears from the lips of medical men is a sign of the almost complete indifference towards this great questiona which is displayed by the profession at large. More especially does this observation extend to dentists, and a paper read by Mr. Norman Bennett before the Odontological Society in 1901, and more recently one by Mr. J. F. Colyer before the Students' Society, are the only contributions to this subject which I can find in dental literature for many years back.
The cause of this neglect is, I think, to be found in the commonly accepted idea that heredity plays little or no part in the causation of dental caries, and that no results of practical value could therefore accrue from its study. Never, I believe, has a more erroneous idea gained credence, nor one more likely to retard the progress of useful inquiry. There is no question connected with the human species upon which the facts of heredity will not throw some light. Dental disease, as I shall"hope to prove to yof to-night, depends for its very origin as well as increasing prevalence upon hereditary factors.
It is frequently stated that the true cause of dental caries has yet to be discovered, and that although we now know the pathology of the disease through the investigations of Dr. Miller, the etiology is a very different matter. The truth of this is obvious, and yet, with the notable exception of Dr. Sim Wallace, whose work I shall refer to again later, nearly all the searchers after the etiology have pursued further pathological studies in their endeavours to discover it. The teeth and oral secretions have been analysed again and again, even the urine and fieces have been examined to see if the cause lurks there. Everything, from milled bread up to sulpho-cyanide of potassium, has been blamed in turn; but I am convinced that the cause will not be discovered under the high powers of the microscope nor in the analyst's test tube. It is only in the study of Nature's laws, in heredity and natural selection, that the truth will be found.
Leaving, then, for the present all microscopical and analytical research, we must turn to the study of Nature herself, in the better understanding of whose workings lies the secret of many hitherto unsolved problems. I must ask you, therefore, to forgive me for leaving for a short time the immediate subject of my paper and dealing very shortly with the relations between heredity and disease in general.
In 1813 Dr. W. C. Wells read a communication before the Royal Society upon the differentiation which exists between certain races of mankind. This differentiation Dr. Wells explained from the fact that since no two individuals are alike, some would be better fitted than others to resist the diseases proper to a particular country, and would consequently tend to survive, whilst their less fortunate neighbours would perish in greater numbers. This communication was read years before Darwin conceived his theory of natural selection, and has therefore a double interest.
Quite recently Dr. Archdall Reid has taken up this theory of Dr.
Wells, and in his book, "The Principles of Heredity," he traces the operation of the law of natural selection among civilized races, acting through the agency of disease. I wish to acknowledge my indebtedness to Dr. Reid, since his writings largely suggested to me the ideas contained in this paper. A belief that is not uncommonly held is that natural selection has almost entirely ceased to exert any influence on civilized man, owing to his artificial mode of life. Of course, among us, the surest foot, the keenest eye, or even the most powerful brain, do not give the individual that superiority over his fellows that would enable him to leave a greater number of offspring, as is the case with wild man and animals.
Nevertheless, one cannot doubt that Nature still exercises a great influence over her more educated children-civilized men-and even by the same old methods by which she caused their evolution from the lower aninlals, viz., elimination of the unfit. She employs the same old methods, but not quite in the same way, since the characters she once chose to select us by are now comparatively of little value to us in the struggle for existence; hence Nature cannot control us by dealing with these. In disease, however, she has a very effcient agent by which to mould us, and there can be very little doubt but that certain races have gained that natural immunity against special diseases, which we know them to possess, through the agency of natural selection. As examples I may mention the West African negro's immunity to malaria and the European's comilparative imminiunity (as corimpared with the negro) to tuberculosis. This is not the place to enter upon a discussion with regard to the possibility, or otherwise, of the inheritance of acquired characters; nevertheless, I should like to emphasize the fact that no argumlent in this paper is based on the supposition of such inheritance. I meake a point of this because two months ago, during the discussion on Mr. J. F. Colyer's paper, " The Treatment of Children fromii a Dental Aspect," I ventured to suggest the explanation of the cause of dental caries which I am going to place before you to-night, and Mr. Colyer said in his reply that such a theory involved the inheritance of acquired characters. On the contrarv, if it be true that acquired characters are inherited, the whole argument of my paper is negatived at once.
All variations from the nornmal can be divided into genetic variations and acquired variations. Now genetic variations are changes arising in a race due to natural variations in the germ-plasm of either the ovunm or its fertilizing cell the spermatozoon. In other words, the individual is born with them-they are inborn characters. As examples may be mentioned the difference which exists in the colour of the hair and eyes of different individuals or the occurrence of an extra petal in a flower. Such characters are, as we know, capable of being inherited by the offspring to a certain degree, subject to modification due to ancestral influence. Darwin based his whole theory of evolution by natural selection upon the inheritance of such inborn variations.
Acquired variations, on the other hand, are of a totally different nature, since they are the changes produced in an individual during life owing to outside influences, as environment, and the effects of use and disuse, &c.-the powerful arm muscles of the blacksmith, for instance, or the power of writing and speaking. Such acquired variations are not inherited by the offspring, at least the whole weight of evidence is against it.
The difference therefore lies, on the one hand, between variations existing in the germ-cells before fertilization, and on the other in variations arising in the somatic cells or cells of the body after conception, during the period of growth of the individual or later, and due to certain definite causes of environment, use, or other comprehensible cause. Weismann, in his well-known work on "The Continuity of the Germplasm," puts this very. clearly. He says It is a reversal of the true point of view to regard inheritance as taking place from the body of the parent to that of the child. The child inherits from the parent germ-cell, not from the parent's body, and the germ-cell owes its characteristics not to the body which bears it, but to its descent from a preexisting germ-cell of the same kind. Thus the body is, as it were, an offshoot from the germ-cell. As far as inheritance is concerned the body is merely the carrier of the germ-cells, which are held in trust for coming generations.
This diagram is taken from Heredity, and Evolution: Diagrammatic Explanation of Weismann's Theory.-In this diagram the germ-cells of three successive generations, g (1), g (2), and g (3), are represented, also the individuals, s (1), s (2), and s (3), arisiDg from each germcell. It will be seen that each successive germ-cell arises from the germcell, g, of the parent, and not from the somatic or body cells, s; hence variations acquired by the somatic cells, s (1), cannot affect the germ-cell, g (2), of the next generation, since g (2) is descended directly from 9 (1), not from s (1).
There are, it is true, certain cases of acquired characters which appear to be inherited, but the whole weight of evidence is so strongly against the possibility of such inheritance that it may be supposed that further inquiries into these cases will lead to an explanation on other grounds. The whole question is one of enormous importance, since if the habits and tendencies of our children are largely determined by the habits and tendencies we ourselves acquire before the age of discretion, the responsibility of the parent is overwhelming. I had not intended going into this question, but Mr. Colyer's contention so invalidated my whole paper that I feel some explanation is necessary. Now in the same way acquired immunity, such as is conferred upon the individual by, say, an attack of chicken-pox, cannot be hereditary, else had chicken-pox died out long ago; whereas we know that the children of parents who have themselves acquired immunity against the disease by an attack earlier in life are just as liable to contract the disease, when exposed to infection, as the children of parents who have never had it, and who are therefore not immune.
On the other hand, the natural immunity against certain diseases possessed by some races is truly hereditary. Here again, however, it is not the inheritance of acquired characters which confers the immunity -that is, the immunity was not acquired by the parents and handed on to the offspring. This natural immunity does not resemble acquired immunity, in that it is not the outcome of a previous experience of the disease by the individual; it is more a non-susceptibility, to use a clumsy word, to that particular disease, and has arisen in the race simply as a result of the weeding out of the more susceptible individuals, owing to their succumbing to the disease at once. Thus breeding only takes place among the less susceptible individuals, and so gradually the race is rendered immune to that particular disease. This is so well put by Dr. Archdall Reid that I will, with your permission, read you what he has to say on this part of the subject. He says It is universally admitted that men differ greatly in their susceptibility to infection and in their power of subsequent resistance. In England, for example, hardly anyone escapes measles, whooping-cough, or tuberculosis unless he be immune, or death unless he be resistant. In other parts of the world no one weak against malaria, typhoid fever, or dysentery is able to survive. Whenever any form of selection is stringent it is accompanied by an evolution of those qualities which enables the survivors to escape. It follows, in the case of disease, that "selection should cause an evolution of an inborn power of resisting infection "-that is, inborn immunity-" or of an inborn power of recovering from infection.
When the disease is one against which immunity cannot be acquired the race has undergone an evolution of inborn immunity; thus Europeans, who have suffered severely from tuberculosis for thousands of years, resist infection by it, or when infected recover from it more easily than African negroes, who have suffered less, and much more easily than American Indians, who until lately had no experience of the disease.
Man's evolution against malaria is more striking and conspicuous than that occasioned by any other disease, and that for two reasons: first, because in many districts infested by its microbes it is so prevalent and virulent that no man resident in them escapes infection unless he is immune, nor death unless he is resistant. The elimination of the unfit, therefore, has been very thorough, and . . . evolution against malaria has been very considerable. Secondly, the illness occasioned by the disease is of a very sudden and marked character, and therefore observers are easily able to contrast its effects on individuals of different races, and to perceive how much more resistant are those races which have had prolonged experience of it than those to which it is strange. So considerable has evolution against malaria been in various parts of the world that it is scarcely necessary to bring forward evidence in proof of it. Nothing, indeed, can be plainer than that different races of mankind differ vastly in their powers of resisting the disease, and that those races that have had extended and disastrous experience of it are much more resistant than those who have had little or no experience of it.
In Ceylon there died of malarial fever, per 1,000 of the population: Negroes, 1)1; Europeans (English), 24'6.
I think, therefore, that it is fairly evident from the foregoing how certain diseases are kept in check and prevented from exterminating the race by the aid of natural selection. Unfortunately, however, there are certain other diseases which, owing to our artificial civilization, are not susceptible to Nature's action. Of these I will mention only twoinsanity and dental caries. The reason that natural selection cannot keep any check on the spread of these is due to the fact that neither incapacitates the sufferer in the vast majority of cases from leaving plentiful -offspring. I will first deal very shortly with insanity, as it affords an almost exact parallel to dental caries, and has the advantage of being under State control. This means that very careful records of any increase or decrease in numbers are kept. Now insanity has increased enormously during recent years, as the figures here will show FIGURES FOR IRELAND. 
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The reason for this increase is not far to seek. In olden times the insane were treated like wild beasts and thrown into dungeons, where they seldom survived for many years owing to the terrible treatment they were submitted to. Now, on the other hand, the State takes care of them, houses them, feeds them and clothes them, gives them the kindest treatment and the most skilled medical attendance, so that an enormous majority recover and, leaving the asylum, marry and have children, all or most of whom inherit their parents' predisposition to insanity; for insanity, or rather the particular mental defect which leads to it, is undoubtedly inborn and not acquired, and therefore hereditary. Dr. Reid again on this subject says:
Insane persons have multiplied a hundred-fold with civilization to such an extent that . . . while in the United States the population doubled in little more than thirty years, the insane increased sixfold, so that in the last decade the increase in the population was 30 per cent., and that of the 'insane was 155 per cent.
The following case of Dr. Reid's helps to emphasize what he says: A woman who is more than half a lunatic came to live with two sistersone a total, one a partial idiot. She married a very dull, partially idiotic man, and had almost immediately to be taken to the asylum. There she gave birth to a complete idiot, and was sent home a few weeks afterwards, with the result that the same thing had been repeated nine times.
I will now turn to dental caries itself. I hope to be able to show that the increasing prevalence of this disease is largely due to the same cause as insanity, viz., the removal of the influence of natural selection.
The great prevalence of dental caries among civilized races at the present day has been attributed by Dr. Sim Wallace and many others to the soft and clinging nature of our food. Dr. Wallace, who above all others has drawn attention to this food question, and who has given a great deal of time and thought to it, maintains that it is the cleansing action upon the teeth of their coarse fibrous food which protects the teeth of savages from decay, and, on the other hand, that it is the soft, clinging, and easily fermentable food of modern diets which accounts for the fearful ravages of the disease among civilized men. From Dr. Wallace's writings I gather he does not allow that there is any difference in the relative susceptibility of the teeth of the savage and civilized man, and that the difference in the amount of dental disease found is due solely to change of environment as regards the teeth, that is, the accumulation or otherwise of soft food masses around the teeth. On this hypothesis, therefore, every child all the world over is born with the same relative susceptibility to dental caries. Now, feasible as this theory is in many ways, I venture to think that it does not account for all the known facts with regard to dental caries. For instance, why is it that there are some people who never show a spot of caries all their lives? These " immunes" have as a rule the same habits, and eat the same food, in the same way, as their brothers and sisters, some of whom may lose all their teeth before they are 50. We see among our patients some with receding gums and all the interstices between the teeth blocked with soft fermenting food, and yet no caries results. Others we see who keep their mouths spotlessly clean, so far as is possible. Their teeth all antagonize perfectly, and there are no spaces between them, yet cavity after cavity appears and in spite of all our own efforts the whole mouth is a wreck before they reach the age of 35. I have two such cases in my mind at the present moment.
I think these facts militate very strongly against the food theory, for given the same degree of susceptibility in everyone, then all who are submitted to identical conditions should suffer in an equal degree.
I will now turn your attention to the point of view from which we have already regarded other diseases, as malaria and insanity. Savage man is free from dental caries for the same reason that he is free from other diseases. We have seen how, in the case of malaria, inborn immunity is produced by natural selection allowing the death of the more susceptible. The same law applies to all undesirable variations which may appear, and susceptibility to disease-including, of course, dental caries-is only one of the many possible undesirable variations.
It is unnecessary to go into the detailed working of this law with regard to dental disease especially, for its operation is the same for all diseases against which inborn immunity can be gained. Defective teeth must incapacitate the individual from obtaining sufficient nourishment as rapidly and easily as his fellows, and hence he fails in the struggle for existence. Thus all susceptible individuals are removed from the race by natural selection, as already shown in the case of malaria, with the result that breeding takes place only among those not so susceptible, and so the race as a whole is kept free from the disease.
Among civilized races, however, the conditions are very different. The soft, easily digested food which is eaten requires very little mastication, so that the loss of, say, two molars on each side above and below would not handicap him at all in obtaining sufficient nourishment, as compared with his fellows who possess all their teeth.
Then again the whole aim of dentistry is to patch up defective teeth and render them efficient, and so put the individual on an equal footing with his neighbours. Although seriously defective teeth do undoubtedly often lead to illness, and even very occasionally to death, the cases are certainly very few where they interfere with marriage and the production of a large family.
Here, then, is the parallel to insanity about which I have already spoken. In both cases the action of natural selection in elinminating the unfit, and so perpetuating only the non-susceptible or imlumune individuals, is prevented by modern science. We have seen that in the case of insanity the gradual increase in the numbers of the insane is due to the recovery of, and breeding by, persons possessing a predisposition to insanity. Now these, even by the latest statistics, do not number much more than 1 in 178; whereas the number of persons suffering from dental caries is certainly not less than 95 per cent. of the population in Europe to-day; in other words, nearly every child is born of susceptible parents, and any retarding influence on the increase of susceptibility which the few immune individuals may exert is quickly lost by the marriage of their children with susceptibles. Can we, then, wonder at the enormous and increasing prevalence of dental caries at the present time ?
In the paper by Mr. Norman Bennett which I have already referred to he mentions some observations by Dr. Black "on the inheritance of a liability to caries, even as regards particular teeth and particular positions." This is absolutely in accord with my ideas, since if the susceptibility to dental caries is hereditary it is extremely probable that the undesirable variation which produces that susceptibility would affect different teeth to a varying, extent.
As regards the small proportion of the population who are immune to dental caries, I think their presence may be explained by reversion. We know that in any species individuals are occasionally found who revert in one or more characters to an ancestral type. As I have already indicated, "immunity" against any disease must be regarded simply as a variation-a favourable one in this case-and as such is able to be preserved by natural selection. A member of the human species is thus able to revert to this ancestral variation of immunity. In the same way we often meet with reversions to ancestral types in the shape of the jaws, teeth, and ears, and the contour of the head.
Equally intelligible by the light of the study of heredity are such conditions as narrowness of the jaws, leading to the various dental irregularities with which we are so familiar. The reduction in size of the teeth, compared with savages, is, of course, equally the result of the absence of natural selection.
I have attempted in this paper to deal with the causation of dental caries, and to trace it to the absence of natural selection among civilized races. As to whether I have met with any success in my attempt to throw some light on this obscure problem I leave to your decision. I feel, however, that the general opinion of the dental profession, and even more the public, towards this question is, that no theory of the cause of the existing prevalence of dental caries, however true it may be, is of the least value unless it opens up the road to preventative treatment. In a very few words, therefore, I will try and point out what practical conclusion can, I think, be drawn from this study.
First, then, I will repeat the nmain point of my paper, that the chief cause of the increasing prevalence of dental c,aries among civilized races lies in the teeth thenmselves, and is due to their increasing susceptibility owing to the remnoval of the action of natural selection. This is the main point I wish to emiiphasize, and I believe that to recognize its truth is of enorm--ous importance, for it follows that so long as civilization progresses and the survival of the unfit continues, the susceptibility of our teeth to dental caries will get greater and greater. This is an unpleasant conclusion, but that does not warrant us in refusing to recognize it; and if we will not recognize it, or, recognizing it, do not take measures to cope with it, the results will sooner or later be disastrous to coming generations. Now if the m-lain cause lies in the teeth them-lselves, and not in the oral secretions, or the proportion of lime -salts in the blood, or any other outside factor, then we have a fact of really great importance on which to work. We learn, in fact, that all or nearly all teeth are capable of being infected owing to their susceptibility, and the obvious treatment is to prevent infection; in other words, to adopt the old course, which hitherto has only been followed empirically, of preventing food lodging around the teeth, that is, absolute cleanliness. Now there are two distinct types of cleanliness: natural cleanliness and artificial cleanliness. Of these natural cleanliness is by far the most desirable, but at the same time the most difficult to attain. It consists chiefly in the regulation of the diet, preference being given to such foods as do not tend to stick around the teeth, and the eliimination from our diet, so far as is possible, of soft, sticky and easily fermiientable foods, which are not easily washed away by the saliva during imiastication.
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The work of Dr. Sim Wallace in this direction is so well known that it is quite unnecessary for me to go into further details. Dr. Wallace has experimented with most of the different foods which are usually eaten to-day, and has classified them according to their natural tendencies to adhere to the teeth after eating, also especially naming such articles of diet as have a cleansing action on the teeth during mastication. I think, therefore, the ideas I have brought forward to-night tend to emphasize the importance of much of Dr. Wallace's work. I only differ from him as to the etiology of dental caries. Secondly, as to artificial cleanliness. By this I mean all such artificial methods of cleaning the teeth as toothbrushes, toothpicks, silk, mouth-washes, &c. I think that such aids to cleanliness are absolutely indispensable considering the conditions under which we live. Natural cleanliness is, of course, the ideal, but I am convinced that perfect natural cleanliness is an impossibility for the general public; modern food simply will not permit it. Dr. Wallace does not agree with me here, I know; he places very little reliance on the toothbrush, and none at all on antiseptic washes as preventatives, and he quotes cases which bear out his contention. If I may mention one of these cases, however-that of the little boy he often refers to, and whose models he showed us in March. I strongly suspect that child to be an immtune. Indeed, I feel pretty sure that if Dr. Wallace fed that child on every -undesirable article of food mentioned in his book for a year, his teeth would still remain free from caries.
Valuable, therefore, as is natural cleanliness as a protection against caries, it can only be absolutely efficient among races living in obedience to Nature's laws, that is in a savage state. With civilization and artificial methods of feeding and living comes the need for artificial care of ourselves. The further one departs from Nature tbe greater the need to find artificial substitutes for the protecting influence we thus prevent her from exercising over us.
To close with the words of Dr. Archdall Reid:-Owing to improvements in medical science and the consequent survival of the hitherto unfit, tremendous problems have arisen, the solution of which cannot long be delayed without disaster to the species.
DISCUSSION.
Mr. F. J. BENNETT congratulated the author upon the excellence of his material and the boldness of his ideas. A careful perusal of the data was necessary before one could say anything adequate, but there were one or two points he might mention. The author had alluded to two patients, one in which decay occurred in spite of the most vigorous, careful and conscientious brushing, and another in which no brushing or care whatever was taken, and in which particles of food were allowed to lodge in the crevices amongst the teeth. He should like to know whether the author examined with litmus or any other crucial test the amount of acid in the particles lodged in the crevices. The author had driven home the question of the structure of the teeth, and he wished to know whether that was mere opinion or based upon any chemical or microscopical examination.
Dr. SIM WALLACE said there was a great deal in the paper with which he thoroughly agreed, especially where the author followed Weismann, but where he followed Mr. Archdall Reid he was afraid he could not agree with him. With regard to the table of ratios of lunatics, showing the increase of lunacy supposed to be due, he presumed, to interference with natural selection, the table covered about two generations, and if the figures were right the increase in lunacy was alarming. But the causes of lunacy were well known to the dental profession. Mothers had particularly bad teeth and oral sepsis; they could not masticate properly and were absorbing and swallowing poisons. They were often so badly nourished themselves that they could not nourish their children; the children were fed on artificial substitutes for mother's milk and later on on pap. In other words, the great increase of lunacy was concomitant with and greatly dependent upon the great increase of malnutrition; it was an acquired characteristic. One might in the course of a thousand years be able to appreciate some very slight difference in genetic progression, but it would be difficult even to say that. If lunacy was increasing on account of the abeyance of natural selection, why was not bronchitis, typhoid fever, typhus, and tuberculosis actually progressing ? Why was tuberculosis decreasing amongst white men ? Why was scarlet fever and a whole host of other diseases not progressing in a similar way to lunacy ? In the first place, however, it would be well to consider whether it was true that in uncivilized communities there was relatively a great amount of weeding out of those with defective teeth. Take, for example, the Esquimaux or the Pygmies of Central Africa; they had especially good teeth and required to use them. Was there much extermination of those races on account of decaying teeth and septic mouths? He thought not, because decayed teeth and septic mouths were rarities, and when decay was present it was present in such a limited degree that it was doubtful whether any appreciable harm resulted. Then the author went on to say that in civilized countries the law of the survival of the fittest was practically nullified and that the teeth became susceptible to dental caries. He could not see that the law was nullified, and Mr. Karl Pearson could not see that the law was nullified, although its effect might be postponed for a time. Decaying and decayed teeth, oral sepsis, and concomitant and consequent diseases tended to produce unfitness, and unfitness neither tended to long life nor early marriage. Mr. Archdall Reid said that alcoholism tended to bring about sobriety in the race by the elimination of those most predisposed to drunkenness; but Professor Osler had said that if he were asked to say whether more physical deterioration were produced by alcoholism or defective teeth, he should unhesitatingly say defective teeth, and that was the idea of dentists in general. Alcoholism was a disease of adult life, while dental caries was a disease which started in early childhood. Unfortunately those who took to alcoholism generally took to it later in life-sometimes after marriage-and they often left large families ; but the unfortunate children who suffered most from dental caries and concomitant malnutrition and consequent ill-health were specially predisposed to diseases which carried them off before they had reached maturity, or at least which might prevent them entering into matrimony. Surely, then, those who were most predisposed to caries must have less offspring than those who had the most excellent teeth and concomitant fitness. Moreover evolution took place not only on account of the extermination of the unfit, but also by the predominance of the prepotent, and it was general health and fitness for the environment that produced prepotency. If during a lifetime an animal had been well nourished and free from disease, and if that animal was mated to another which had been relatively ill-nourished and subject to disease, then, other things being equal, there would be a tendency for the prepotent animal to leave its type, rather than the animal which was not healthy, strong and vigorous; for ill-health, whether arising from defective teeth or otherwise, gave rise to constitutional symptoms, affected the blood and the consequent nutrition of the germ-cells; and if the germ-cells were slightly injured by starvation, toxins, poisons, or any other noxious or unphysiological agency, there would be a tendency to relative impotency of the determinants or whatever they might call the physical basis of the potentialities of the germ-cells. As the factor of the tendency to prepotency of the fittest had been overlooked, and as it was an important factor in evolution, he might perhaps be allowed to dwell on it more fully. These who had bred stock and attempted to keep to the artificial and unphysiological standard would know how difficult it was even to maintain the most artificial, the prize standards. He once tried to breed fancy varieties of pigeons, but after a few years of disappointment he came to like the common blue rock type best, because all deviations from it led to weakness, impotence, and disease. There were, for example, crop and leg troubles with the pouters, eye and wattle troubles with the barbs and carriers, and nlesting, feeding, and rearing troubles with them all. The nearer one got to the prize types, i.e., the further one got away from the common standard physiological type, the more unhealthy and sterile the birds became. If a so-called first-class bird was mated to a so-called second-class bird the offspring generally followed the second-class parent, because the second-class parent was the more physiologically perfect, the strongest, the prepotent. Moreover the strain to which the second-class bird belonged was, as a rule, less strained or, in other words, more physiological. Many other illustrations might be given, and if anyone would look into the literature of the subject he thought a great deal would suggest the prepotency of the fittest. Even although there were but few facts to indicate its truth, surely it was obvious that if by any arrangement an animal could follow the fittest parent it would be an immense aid to evolution along satisfactory lines ? Surely, too, one could see in this the end of the feud as to whether acquired characteristics were transmitted or not ? It was obvious that animals that had variations tending to diseases would, c.Tteris paribus, not tend to have prepotent germ-cells. On the other hand, any animal having variations tending to increased general health would tend to have prepotent germ-cells. In other words, any useful variation would tend to increase until it ceased to be useful, while any useless or harmful variation would tend to disappear so long as it was occasionally the origin of disease or unfitness of any kind, even although it might not involve premature death. He did not wish it to be supposed that he meant that prepotency was not as a rule inherited. No doubt if favoured by healthy nutrition it tended to persist hereditarily. Indeed, such nutrition would appear to favour the doubling of the constituent parts of the determinants at the expense of the weak or injured constituent parts which had been derived from the weak or unhealthy parent. When prepotency became established in that way it simply tended to run on indefinitely or until counteracting forces reversed it, but it would surely be a frightful stretch of imagination to argue that special fitness resulted from dental caries, septic roots, septic mouths, and concomitant and consequent diseases.
Mr. NORMAN BENNETT thought the author was to be congratulated upon dealing with a very difficult subject: the application of natural selection to artificial conditions. The author appeared to trace the onset of dental caries to an absence of immunity derived from genetic variation. Primitive races were liable to certain diseases-measles, for instance-in a very exaggerated form, while civilized communities had them only in a modified form. Dental caries was on rather a different footing. Palsolithic and neolithic man bad teeth that were practically free from caries, which was a different thing from an immunity derived from the survival of those who were most fit by genetic variation. The author appeared to think that primitive man had immunity from a disease which was not known to exist at that time. Dental caries was essentially, it would seem, a disease of modern times, and it was hardly fair to assume that primitive man was immune from a disease that did not exist. He did not see that it was quite fair to draw an analogy between diseases which killed and diseases which did not kill; the disease which killed or rendered incapable obviously reduced the individual to such a condition that he was not likely to propagate the species, but a small amount of dental caries was not likely to leave the individual less able to propagate his species; in other words, there was no reason in the nature of things why primitive man should not have had dental caries, and it was not to be imagined that one or two small carious cavities in the molars would have rendered a neolithic man less likely to propagate his species than a man without them. Although that line of reasoning might tend to show that primitive man might be protected against dental caries in an extreme degree in a way that civilized man would not be, it was not fair to push it to such an extreme as to argue that he would not be affected by it at all. If the author was correct in thinking that the seat of immunity was in the teeth themselves,' why Was dental caries essentially a disease of childhood? Assuming that acquired immunity existed in some other part of the organism such, for instance, as the fluids of the mouth-it would be conceivable that such an acquired immunity might exist for a particular period, but not if it was assumed it was in the teeth themselves. With regard to the lunacy statistics, they included all forms of mental incapacity; the vast majority in the asylums were affected with general paralysis of the insane, and that very much invalidated the value of the statistics. If the statistics were derived from forms of lunacy generally supposed to be inherited, there might be something more in them, although even then it would have to be considered that within comparatively recent times there had been great changes in the conditions of life-that the stress and strain of artificial life must have produced a great tendency towards the increase of lunacy.
Mr. KENNETH GOADBY thought the author had brought forward a syllogism in which his middle term was undistributed. The question was: Is dental caries a disease? Diseases were generally regarded as having some sort of pathological reaction on the tissue affected, and showing some sort of attempt on the part of the organism to throw it off. That could not be said of dental caries. With regard to the effect of disease upon offspring, he was rather inclined to join issue with the author It had been definitely shown that an animal was capable of being immunized to a disease and bringing forth offspring that were immune to that disease. Such offspring would 'resist thirty or forty' times a fatal dose of a given organism to which the mother was immunized. It was very difficult to confine oneself to a general consideration of the question without any reference to its local pathological signs, and very difficult to leave on one side the question of chemical or bacteriological local causes. Since Miller's work dental caries had been looked upon as a purely local mechanical process, in which there was no question of disease but merely a question of more or less mechanical destruction of a physico-chemical nature, in which bacteria acted as agents. That there was some sort of general oral condition in which natural selection played a part was quite possible, but he did not agree that in the teeth themselves must be found the immunity to dental caries. It was a fallacy to say that the West African negroes were immune to malaria. If children living anywhere near the malarial areas were examined it would be found they had large spleens and that their blood contained malarial parasites. The weakly ones died, and a certain amount of fresh, acquired immunity was set up in each case; but if negroes who had acquired immunity in the one district were taken to another malarious district, as the West Coast negroes were taken on aii expedition to the Soudan, it would be found they were not immune. In the Soudan, in a recent expedition, the West African negroes were in a district for twelve days, and when the main contingent came back they found 150 out of 250 men were down with malaria. They were the so-called immunes, but they had had an extra big dose and were quite as ill as the white officers. Resistance to disease was undoubtedly in many cases produced by the infection of people to such a disease and the gradual elimination of susceptible persons, and to acquired immunity of such persons. It has been experimentally sbown by Bulloch and others that immunity could be given to the offspring by immunizing the mother before birth.
Mr. H. BALDWIN thought both ideas should be accepted, but in their proper proportions. It seemed to him the great cause of dental caries was the fact that teeth were dirty with micro-organisms, but Dr. Sim Wallace would no doubt agree that some teeth by their shape were more likely to remain dirty than others, and teeth of a non-self-cleansing shape were likely to be inherited, as were teeth of imperfect construction. Teeth varied very much in structure, and particular characteristics of structure might be hereditary, and therefore affected the question to some extent. He was, however, fully convinced that the main cause of caries was what Dr. Sim Wallace always insisted upon, diet. Some years ago he attended a Tamil patient who used to spend a year in England and a year in India alternately. Before she came to England she had perfect teeth, and all her relatives in India had perfect teeth, but when she came to England she had caries. In India she said she had no caries or any trouble at all, but after six months residence in England she invariably developed carious cavities and came regularly to him to have them filled. Evidently the kind of feeding which she had in England was the cause.
Mr. F. J. BENNETT said he had referred to testing the cavities, where one cavity was immune although food was lodging in it, and the other was decayed although it was carefully brushed. The question was whether any acid lodged in those spaces.
Mr. STANLEY MUMMERY, in reply to Mr. F. J. Bennett, said he had not tested the saliva of the patients, but be thought the reaction of saliva was undoubtedly a predisposing cause, and one to be taken into consideration. With regard to the structure of the teeth, Dr. Miller had published the results of his investigations, and had pointed out that, although the structure of teeth might not vary analytically, the molecular structure might vary immensely. Dr. Sim Wallace seemed to think that the large increase of insanity was to a great extent due to the absence of breast feeding and consequent malnutrition. That might be so to a certain extent, but he thought there was less reason to suppose that°it was due to this cause than that it was due to the absence of natural selection. With regard to tuberculosis decreasing, that was a very doubtful point. Since the open-air treatment had come into vogue a large number of cases had been cured which before would have died, and that had to be taken into account.
Mr. KENNETH GOADBY thought it was generally accepted that tuberculosis was decreasing both in virulence and extent, quite apart from sanatoria and open-air treatment.
Mr. MUMMERY referred to Dr. Sim Wallace's remarks with regard tp prepotency, and said that Dr. Burbank in America had done a great deal of experimental work in producing new varieties of plants, wheats and potatoes; and the results did not seem to bear out Dr. Wallace's statement with regard to variation from the normal standard tending to produce offspring more susceptible to diseases and to general weakness. By careful crossing, potatoes had been obtained immune from the potato disease. With regard to dental caries in primitive man, he had examined a good many skulls and a fairly large proportion had carious teeth. He did not think it was quite a fair argument to say that teeth could not be immune from a disease that did not exist.
Undesirable variations such as a tendency to disease were certainly kept down by the agency of natural selection. With regard to dental disease being one of childhood, that was very largely because childron during their schooldays took practically no care of their teeth. Later on they began to learn the importance of the toothbrush and that delayed the course of the disease. It was rather difficult to answer the question as to whether dental caries was a disease. In any case it did not affect the question at issue, since he had regarded dental caries not as a disease but as an undesirable variation.
With regard to the inheritance by the offspring of their mother's immunity, he could not agree with Mr. Goadby, as he believed the immunity in these cases to be acquired from the mother in utero. If acquired immunity could be inherited, how was it that chicken-pox, whooping-cough and measles had not died out ? As to negroes not being immune to malaria, an enormous number did die of malaria, and very likely as many negroes became infected as Europeans, but they certainly did not die in such great numbers. With reference to the shape of teeth, he thought that had a very great effect on the amount. of caries. If the teeth were of a peculiar shape, with very bulbous crowns and narrow necks, food tended to stick round them, and more caries naturally resulted.
